Urban green space (UGS), as a form of green infrastructure, has been given increasing attention in urban planning and its policies. The quality of a UGS is fundamental for the sustainable development of the urban economy, society, environment, and quality of human life, although UGS is unevenly distributed within cities. Aiming to analyze the quality of UGS at the scale of Jiedaos in China, this paper took Haizhu district in Guangzhou as a case study based on collected data from 2010 and aerial imagery from 2012. The Urban Neighborhood Green Index (UNGI) was established by combining four weighted parameters: the green index (P1), the density of buildings (P2), proximity to green areas (P3) and building height (P4). Results from comparing with green index show that (1) the UNGI performed better for UGS planning due to its ability of uncovering impact of the built environment and its accessibility on quality of UGS; (2) the UGS has significant effects on neighbors, which underlies social inequity of UGS supply and presents rich information for urban planning and decision making; (3) a small green field attaching to a community plays a key role in fulfilling the need of neighbors for green space, fitness, and leisure in China, which is usually ignored due to the ownership of private property. It suggests recognizing UGS and improving its quality in old towns as well as improving urban villages characterized by poor quality of green space with green infrastructures. The UNGI can inform city planners regarding their consideration of UGS, and it can contribute to measurements of sustainability and the development of green infrastructure.
Introduction
Urbanization is dramatically changing the world and cities. The global urbanization rate is predicted to increase from 55% in 2018 to 68% over the next 30 years, and overall growth in world population will add approximately 2.5 billion people to urban areas by the year of 2050 [1] . Urbanization in the modern age has had a huge impact on the environment, reducing green space and threatening human wellbeing. In recent years, there is increased demand for urban green space (UGS) in urban areas [2, 3] . Thus, an ecologically based urban planning and design paradigm is needed [4] . Green infrastructure has been given increasing attention in urban planning and its policies, especially due to its ecological, environmental, and social contributions to planning and designing high-quality UGS. Green infrastructure provides various opportunities for improving public health and wellbeing, as well
Assessing UGS Quality by Connecting Urban Form to the Green Index
The quality of a UGS has long been derived from a green index based on remotely sensed imagery [23] and by counting greenery [24] . The green index does well at integrating continually updated remotely sensed data. However, it is disadvantageous in that it disconnects the need for UGS by residents from its supply. In general, moreover, it is difficult to assess any social process with a single parameter such as the green index [25] . Indicators that can depict the quality of UGS and reveal its underlying social inequity are important for planning sound UGS patterns [26] [27] [28] [29] . The combination of remote sensing and GIS, meanwhile, is a popular means for assessing urban environments [30] , with which high-quality UGS can be determined based on the needs of citizens [31] . When private green space is included in the analysis of UGS, rather than public green space exclusively, coupling remote sensing and GIS further reveals underlying social inequity by highlighting its use and ecosystem services, such as recreation and health effects [32] . Considering the green index together with urban form indicators such as population and building density, road networks, etc. can advance the needs of residents and urban green supply [13] to facilitate UGS planning [33] [34] [35] .
Connecting urban form indicators with the green index is a recent approach to assessing the quality of UGS [26] . Several indices have been implemented, such as the Building Proximity to Green-space Index (BPGI), the Urban Neighborhood Green Index (UNGI), the Neighborhood Green Space Tool (NGST), and the Building Neighborhood Green Index (BMGI) [14, 15, 24, 27] . The UNGI was first proposed for studying green spaces in India, and it comprises four parameters: building density, green index, proximity to green areas, and the height of structures [15] . The index has notable advantages insofar as it connects urban form indicators to urban greenery. Among all four indicators, proximity to green areas acts as an accessibility indicator for UGS, depicting the distance from a building to the nearest green space. It was subsequently revised to form the BPGI, which was applied to a case study in Hungary [27] . Likewise, building density and building height both feature in calculations of accessibility to UGS [24] .
A small-scale neighborhood (4 km 2 ) was initially used by the UNGI. This is obviously limited, however, and more academic than practical, though it demonstrated the potential to work at a wider scale [15] . Further, the UNGI has the potential to better reveal social inequities with regard to UGS access compared to the green index. This potential was demonstrated when it was adapted to form the BPGI and applied to a large area in Hungary with an improved data acquisition method [27] . Although these indices have evolved from relatively small-scale measures to large-scale ones, there is little research on UGS evaluations that can output strategies for green development. Nevertheless, the indices can help expand the knowledge obtained at a smaller scale to larger regions.
Based on these findings, we applied the UNGI at the scale of a district in an administrative boundary (Jiaodao) to reveal spatial inequity in the quality of UGS. We expect that our research will provide a reference for UGS planning, by connecting urban form indicators to the green index.
The remainder of this paper is organized as follows. A conceptual framework is first elaborated. The framework is then introduced to the case study area. Next, we describe the data and methodology, along with our results and a comparison of the UNGI to the green index. Finally, we discuss our results and offer conclusions. We expect that this study will provide evidence for integrative assessments of the quality of UGS in Chinese cities to facilitate UGS planning and decision-making.
Study Area, Data Collection, and Methods

Conceptual Framework
This study defines the quality of UGS as its usefulness to people based on greenness. It aims to build a UNGI with respect to both urban form indicators and urban greenery [2] . Four parameters are used to depict the quality of UGS: the green index (P1), building density (P2), proximity to green areas (P3), and height of structures (P4) (see Figure 1 ). It uses the green index-the percentage of green space-to refer to urban greenery. The higher the value of P1, the better the quality of the UGS. Building density (P2) and the height of structures (P4) refer to where people live. The higher the value of P2 and P4, the more likely residents are to visit a UGS. Finally, proximity to green areas (P3) denotes the accessibility of UGS to residents. The higher value of P3, the higher quality of the UGS.
Of the four parameters, P1 is widely used as an objective indicator, as it directly pertains to the availability of UGS. Both building density (P2) and the height of structures (P3) relate to the need for green space. They are complementary to each other, and they together reveal the distribution of residents. Proximity to green areas (P4) defines accessibility from residential areas to a potential destination of a UGS.
These four parameters were applied to aerial imagery collected in 2012 and to data from 2010 regarding Haizhu (see Figure 1 ). The 2012 aerial imagery was first interpreted and classified to output a map of green space with various subgroups. This map of green spaces was then integrated into a map to classify vegetation as dense and sparse. The 2010 data was used to classifying urban density and the height of urban structures. The green index (P1) was derived based on the aerial imagery from 2012.
Both building density (P2) and the height of structures (P4) were derived from the 2010 data regarding Haizhu. Proximity to green areas (P3) was determined by combining the information in both datasets. We overlaid the data on a 100 m × 100 m grid to transform the relative data to a consistent size that could be compared. To achieve an integrative index for the UNGI, we weighed each of the four parameters to differentiate their relative importance. Likewise, to validate the practical value of the UNGI, an analysis of the index was conducted at the boundary of a Chinese administrative unit, a so-called Jiedao, to reveal its implications for planning.
Study Area
Guangzhou is the third biggest city in China, and the largest city in southern China. It is located in a warm, humid, and rainy region. It is a pilot city for sustainable development in China and in a transformation process from a productive city to a sustainable one. Guangzhou has led UGS planning for many years. It has been innovative in protecting green coral areas, initiating sensitive area analysis, and building greenways in China [36] . For example, ecological construction goals can be seen all over in the urban master planning for Guangzhou city (2010-2020) from the perspective of social economic development, overall function, spatial development strategy, etc. Chen et al. [37] employed GIS to analyze pattern of parks and found an uneven and unequal distribution of UGS of Guangzhou. However, few innovative technologies have been used to analyze UGS based on urban form and the green index. Conventionally, not all UGS is counted when undertaking UGS planning because only public green space concerns the government. Moreover, the distribution of UGS has seldom been taken under consideration with the green index because the accessibility of UGS is rarely considered at a relatively fine scale such as a neighborhood.
This study took Haizhu district, one of the oldest districts in Guangzhou, as a case study area ( Figure 2 ). Haizhu district, located in central Guangzhou, plays an important part on Guangzhou's way toward becoming a sustainable city. It has good quality urban environment due to its vicinity to the southern bank of the Pearl river. Haizhu district, spanning 90.45 km 2 with 18 administrative Jiedao, comprises an old town in the west, a newly developing zone in the north-east, and an ecological residential zone with a wide range of green space in the south-east. It is shaped as an island surrounded by the Pearl river. Urban areas and the population are mostly concentrated in or near the old town in the west. Haizhu has invested in green space ecological planning and construction in recent years. An ecological green-spaces system was planned as one circle, one band, three core areas, and a reticulation corridor (Ecological planning of Haizhu, Guangzhou 2012). Ecological construction projects such as greenway projects and the Haizhu eco-city project led by the government have been ongoing for a decade and show notable achievements. As a result, a huge Haizhu lake park in the middle of Haizhu offers ample leisure and fitness opportunities, with widespread flora and a waterfront landscape. Further, the Wan-mu-orchard protected area in the east of Haizhu is currently under construction, and green space along roads-the three regional ecological corridors-spread across the entire area and play a critical role in sustainable development in the city. An evaluation of the quality of UGS at this stage is thus timely and necessary. 
Data Collection
This study used collected data from 2010 and aerial images from 2012 as the base data. The data in both datasets have a resolution of 0.5 m × 0.5 m. The former was collected from a survey conducted in 2010 and includes urban features such as height, elevation, etc. A grid of 100 m × 100 m was regenerated for analyzing the case study are of about 100 km 2 , compared to a grid of 20 m × 20 m in a range of about 4 km 2 in Gupta et al. (2012) study [15] . Moreover, the grid can match the original resolution of all four parameters, and it can be fitted for subsequent analysis. As the height of structures is the parameter most sensitive to cell size, the grid can measure high-rise buildings and is thus a sound option. Likewise, administrative maps and demographic data were used. Location correction was employed with the support of ArcGIS 10.2 to deal with positional offsets in the collected data.
This study generated a UGS classification system for Haizhu (Table 1) according to the UGS Classification Standard (CJJ/T85-2002) issued by the Chinese National Ministry of Construction. It used object-oriented segmentation and manual visual interpretation to extract urban green space and relative information from the 2012 aerial imagery. In support of eCognition 9.0, it weighted each spectral band as 1, and managed to find the proper segmentation scale by means of human-computer interaction. At a scale of 60, water, construction land, and green space were successfully extracted. An artificial visual interpretation and subsequent correction to classification followed this segmentation process, ultimately outputting the classification. Additional information, such as parks and land-use maps, was used to improve the results. Other measures were also included, such as a field survey, precision testing, and other means of artificial visual interpretation. After all these implementations, the overall classification accuracy reached 95%, meeting the requirements for subsequent analysis. As a result, UGS was classified into seven classes: namely, parks, attached green space, roadside green space with productive plantation areas, farmland, green space attached to housing estates, green space attached to urban roads and squares, and other green space (see Figure 3 ). 
Classification Description
Park
Public open space for leisure or appreciation by people. The major function includes ecology, aesthetics, and precautions against natural calamities.
Attached green space Green space in communal facilities area, such as in factories or administrative buildings. Farmland
Green land for cultivating crops and edible vegetables.
Productive plantation areas
Green land being nursery garden to raise mainly flowers and plants for appreciation and a little amount of woody plants for urban greening. Green space attached to housing estates Green land in residential area. Green space attached to urban road and square Green land in public square.
Roadside green space
Green land along roads.
Other green space Unused green land with high value of urban landscape and eco-environment quality. 
Defining the Four Parameters
Inspired by Gupta et al. (2012) [15] , we classified each parameter (P1-P4) into four levels accordingly ( Table 2 ). How these four parameters relate to the quality of UGS was also defined, by elaborating their descriptions. Meanwhile, all four parameters were produced on a 100 m × 100 m grid. Following the 25% quantile rule, 4 levels of quality were sorted-low, moderate, high, and very high-for the three parameters (P1, P2, and P4). A higher green index refers to a better greenness, and the percentage of green in each cell falls into one of the four interval domains, <0.25, 2.5-0.5, 0.5-0.75, and >0.75, which correspond to the four levels of quality from low to very high. A reversed set of domains were set for the other three parameters. In a cell of 100 m × 100 m, better quality refers to a low percentage of building density (P2). In the same manner, better quality also means a higher percentage of area that falls in a buffer around certain vegetation for proximity to green areas (P3), or a lower percentage of high-rise buildings in each cell (the height of structures, P4). We aimed for a process that was simple and with a technique that was easy to apply and generalize. The value and quality were determined accordingly ( Table 2 and Figure 4 ). 
Maps of Green Index and Building Density
Both the green index and building density were determined by counting their percentage in a cell ( Table 2 ). For instance, in a cell of 100 m × 100 m on this grid, if the percentage of green is 45%, the cell receives a value of 0.5 and falls in the class of moderate quality. In the same manner, if the percentage of building density in a cell is 70%, this cell again receives a value of 0.5 and falls in the class of moderate quality. We then generated the green index ( Figure 4 and Table 3 ) on a map of classified green space (Figure 3) , and the building density on a demographic map ( Figure 5 ) along with a map of building density ( Figure 6 and Table 3 ). 
Map of Proximity to Green Areas
The map for proximity to green areas was produced based on a map of buffer areas of vegetation. The buffer area of vegetation was itself derived in two main steps (Figure 7a,b) . We first reclassified green space into two types (Figure 7a ): dense vegetation, consisting of parks, green space attached to housing estates, green space attached to urban roads and squares, roadside green space, and attached green space; and sparse vegetation, consisting of farmland, productive plantation areas, and other green space. Dense vegetation was located mainly in the city center and had better green service and more of an influence on citizens. Sparse vegetation was distributed mainly in the suburban areas and had poorer availability and a low coverage rate. We next generated a map for proximity to green areas. Because various green spaces serve a different range of areas, buffer analysis was used to define the range of service, to depict the quality and service of vegetation [34, 38] . We defined buffer of park and the other vegetation (i.e., dense and sparse vegetations) by 100 m and 20 m respectively then obtained the map of buffer around vegetations (Figure 7b ). Referring to Wendel et al. (2012) [34] , we set 20 m buffer area surrounding open woodland and forest, within which these vegetations can be viewed, felt and perceived by nearby people and show their impact. Likewise, a 100 m buffer area surrounding each park was set due to a park as urban public green space shows especially comprehensive value influencing built environment to inhabitants [38] . Finally, we could generate a map for the proximity to green areas (Figure 7c ) based on the map of the buffer around vegetation (Figure 7b ) by calculating the percentage of the buffer or vegetation area in a cell ( Table 2 ).
Map of the Height of Structures
The percentage of high-rise buildings in each cell was used to generate a map of the height of structures. Higher buildings suggest a greater need for surrounding green vegetation [2] , and for simplicity, urban areas were classified into areas with low-rise buildings and areas with high-rise buildings. According to the Code for Design of Civil Buildings (GB50352-2005) and Residential Building Code (GB50368-2005), we defined high-rise buildings as those higher than 27 m or 9 stories (Table 4) , and the remaining buildings as low-rise buildings ( Figure 5 ). As such, we generated a map of the height of structures ( Figure 8 ) in accordance with the four classes of UGS quality ( Table 2 ). 
UNGI Map and Evaluation
This study weighted the four parameters in the UNGI as follows: 0.27 (green index, P1), 0.30 (density of buildings, P2), 0.25 (proximity to green areas, P3), and 0.18 (height of structures, P4). This matches the weight matrix used in New Delhi, India [15] , derived from Saaty's pair-wise comparison method based on expert opinion [39] . We used an arithmetically weighted overlay approach to integrate all four parameters and generate the UNGI map. The approach is formulated as follows (Equation (1)):
where UNGI(i) is the Urban Neighborhood Green Index of the i-th cell, W(j) is the relative weight of the j-th parameter, and P(ij) is the value of the j-th parameter in the i-th cell. After conducting the arithmetically weighted overlay, the resulting values were classified further into the four green quality classes of the UNGI (Figure 9 and Table 3 ). An analysis was then conducted to compare the UNGI to the green index by their mean value and standard deviation according to Jiedaos. We expect that this analysis will facilitate UGS planning in Chinese cities. 
Results and Discussions
Green Index
The map of the green index parameter visualizes the amount of green space (Figure 4 ). UGS is mainly concentrated in the east and shows an overall uneven distribution across Haizhu. Low-quality green areas with a green index of less than 25% covered approximately 60% of Haizhu. The eastern area of Haizhu has mostly high-quality green space with a green index above 75% because Wan-mu-orchard and most farmland are concentrated there. Because the western area of Haizhu is mainly made up of buildings, parks were the main type of green space with very high-quality areas (with a green index above 75%). Because most of the population is densely distributed in the west of Haizhu, however, UGS development cannot be fully realized.
Building Density
The map of building density shows how urban areas form physically ( Figure 6) . The map reveals a relatively clear pattern of building density. Indeed, 61% of urban areas are concentrated in very high-quality green space (building density of 0%-25%) ( Table 3) . By contrast, only 2.33% of the area has low-quality green space with urban density over 75%. The very high-quality areas were around the old town and in the east. The old town areas in the west were mostly high-quality (building density of 25%-50%). Likewise, low-quality areas (with the highest building density) were identified as FengYang Jiedao, NanZhou Jiedao, and GuanZhou Jiedao. All of the identified places are characterized as urban villages where many immigrants are living.
Proximity to Green Areas
The map of proximity to green areas (Figure 7c) shows that 46.37% of the area has a combination of low-and moderate-quality green space. This means that about half of the population in Haizhu district is not sufficiently close to green space. Lower-quality areas appear in the western part of the old town of Haizhu, central Haizhu, and the outskirts of Haizhu, where densely distributed urban areas coexist with small green spaces. Likewise, a wide range of moderate-quality areas in the east of Haizhu appear as a result of the green space in the Wan-mu-orchard protected area, due to its relative distance from residential areas. By contrast, very high-quality areas (with proximity to green areas over 75%) are typically near urban areas, especially in the old town. Many trees are growing inside these communities, and they are easy to access. Overall, the results show that proximity to green areas is a better parameter than the others for evaluating the service scope of green space, and especially for revealing the quality of UGS in a region.
Height of Structures
The map of the height of structures ( Figure 8 and Table 3 ) shows that 96% of Haizhu is in very high-quality areas (with a height-of-structure index of less than 25%). The main cause is that urban villages, rural residential areas, and green space contain only low-rise buildings or no buildings at all. Urban villages make up an area of 26.1 km 2 , accounting for 29% of Haizhu. Further, green areas extend to 28 km 2 . Moderate-quality areas (with the highest buildings) are concentrated along main roads, such as Jiangnan Road in the old town to the west of Haizhu. These areas contribute the most to high-rise buildings: the percentage of high-rise buildings in each cell is between 25% and 50%. Low-quality areas (with values over 75%) are in Fengyang Jiedao and Pazhou Jiedao, where the Canton Fair Complex and other business centers are located.
Urban Neighborhood Green Index
The map of the UNGI shows the overall quality of UGS ( Figure 9 ). All values of the UNGI were from 0.25 to 1, most of which between 0.62 and 1. Referring to the principle of the quantile, we classified the UNGI into four intervals of UGS quality, from low to very high. The Jiedaos with the highest quality UGS were thus identified. Over 95% of the area of Xingang Jiedao had a UNGI over 0.62. Even in Jiedaos with a high density of buildings, such as Jiangnanzhong Jiedao and Changgang Jiedao, all had a UNGI over 0.62.
This study also identified Jiedaos that need improvement to the UGS. Over 85% of the area of Fengyang Jiedao had a UNGI below 0.62. Fengyang Jiedao consists of many tiny factories and urban villages. The UGS in this Jiedao comprised vegetation besides rivers, farmland in urban villages, productive plantation areas, and other small green spaces without amenities for physical activity or leisure.
Implications of the UNGI for UGS Planning
Considering vegetation type, urban density, proximity to green areas, and the height of structures, this study demonstrates that UNGI is a novel way to discuss the implications for UGS planning. The advantages of UNGI are discussed in what follows. The UNGI performed better than the green index at revealing underlying social inequity because the environment and its resulting accessibility differ by neighborhood. The UNGI is an integrative measure that considers together urban property, accessibility to green areas, and the green index. Theoretically, both UGS and areas with buildings are important for assessing the quality of a UGS. UGS accessibility is determined by its relative position between a UGS and areas with buildings with respect to their use. The UNGI differs in spatial distribution from the green index. All average values of the green index were lower than the UNGI (Table 5 ). Jiedaos such as Huazhou, Guanzhou, Xingang Jiedao, etc., had a high green index and a high UNGI, whereas Nanhuaxi, Longfeng Jiedao, etc. had a low green index yet a significantly high UNGI. This is to say that the areas with a lower green index do not necessarily have a lower UNGI. However, the higher the green index of a Jiedao, the higher the UNGI it will have ( Table 5 ). The UNGI is superior to the green index for the following reasons. First, UGS quality pertains to its usefulness based on greenness. The UNGI does better at revealing the quality of UGS compared to the green index. For instance, 83% of Pazhou Jiedao had a combination of moderate to high quality UGS according to the UNGI, yet 63% of its area had low-quality UGS according to the green index (Table 5 ). This shows the advantages of the UNGI: it is comparatively closer to reality, because this Jiedao is where the Canton Exhibition Center, a large business center, is located, and it has many high-rise buildings and excellent green space. It is obviously not a place with impoverished greenness. Second, the UNGI is able to provide sufficient information for urban planning and decision-making, unlike the green index. The UNGI revealed the following social processes that the green index could not: (1) Fengyang Jiedao has the worst UGS in terms of health; (2) urban villages, which tend to feature poor-quality UGS, should be improved with proper UGS implementations; (3) small-scale UGS inside communities may play a key role in revealing and fulfilling the need for green space. By considering urban parameters and accessibility, this study unveiled the effects of UGS on residents.
Even though small-scale green space inside communities plays an important role in providing open space for fitness and leisure in China, the usefulness of such green space is usually ignored because it is located on private property. However, the UNGI recognizes the quality of UGS in the old town. For example, Longfeng Jiedao, in which green space is scarce but chiefly attached to housing estates, has 80% of its area with low-quality UGS according to the green index, whereas a majority of its area is considered moderate-quality UGS according to the UNGI. The UNGI in this case recognizes the importance and scope of green spaces attached to housing estates that can meet the needs of citizens for access to green space. Finally, when calculating the proximity to green areas, parks in towns such as Haizhu lake park, Haiyin park, and Haizhuang park contributed considerably to the quality of the UGS in their Jiedao, as did the green space attached to housing estates in the west of Haizhu. As abovementioned, this type of space is usually small and located inside communities, and it is usually occupied by trees. Nevertheless, its location inside communities and its proximity to residents makes valuable UGS in terms of providing shade and leisure. It therefore helps to promote the quality of the UGS.
Conclusions
Urban environments are facing ever-increasing pressure in terms of ecological deprivation, loss of natural resources, and the lack or inaccessibility of UGS. Green infrastructure has been expressly conceived as a planning tool for combining urbanization and quality urban environments to lead urban space towards sustainability [40] . Green infrastructure involves planning and policy, environmental and ecological focus, and social content, and it is associated with health and wellbeing, economic benefit, and UGS quality. To identify the current state of green infrastructure and analyze the quality of UGS at the scale of Jiedaos in China, a systematic quantitative analysis of UGS was undertaken using a set of green indices, collectively referred to as the UNGI. We developed the UNGI and applied it to a case study of Haizhu district in Guangzhou, China, from micro-scale (4 km 2 ) to macro-scale (90 km 2 ) areas based on collected data from 2010 and aerial imagery from 2012. At the macro-scale, the UNGI evaluates the greenery in Jiedaos, providing a good way to monitor the quality of UGS across a city. The UNGI outperforms other existing green indices in terms of revealing the quality of UGS, and it is more applicable to urban planning and policy.
The green index in this study was derived based on object-oriented segmentation and manual visual interpretation, unlike the traditional Normalized Deviation Vegetation Index. The Urban Neighborhood Green Index (UNGI) was established by combining four weighted parameters: the green index (P1), the density of buildings (P2), proximity to green areas (P3), and building height (P4). The four parameters of the UNGI are easy to use and suitable for urban planning. We redefined the parameter for the height of structures, and the administration border of Jiedaos was used to assess green spaces, rather than aesthetics or the mere size of the area. The advantage of the method is that it reveals the distribution of green space and its impact on various Jiedaos, based on the relationship of urban forms to greenness.
As an empirical study on UGS themes and planning schemes at the municipal level, this study fills a gap in knowledge of assessing UGS, using the UNGI as a way to enhance the development of green infrastructure and quality of life. The analyses show that (1) the UNGI performed better for UGS planning due to its ability of uncovering impact of the built environment and its accessibility on quality of UGS; (2) the UGS has significant effects on neighbors, which underlies social inequity of UGS supply and presents rich information for urban planning and decision making.; (3) a small green field attaching to a community plays a key role to fulfill the need of neighbors for green space, fitness, and leisure in China, which is usually ignored due to the ownership of private property.
The UNGI also has the advantage of tracing the dynamic quality of UGS, given that continually updated remote sensing images are available. When applying the UNGI to evaluate UGS quality, a sound match between different cell sizes, as well as a weighted matrix for four parameters should be further explored to ensure its relevance in different cities. LIDAR data will also improve the index by producing a finer 3D model and a more accurate description of the distribution of green space. The UNGI can inform city planners regarding their consideration of UGS, and it can contribute to measurements of sustainability and the development of green infrastructure. It suggests recognizing UGS and improving its quality in old towns and improving urban villages characterized by poor quality of green space with green infrastructures.
Through a systematic analysis, this study developed methods and models that will contribute to a new paradigm for urban planning and design, with an emphasis on UGS based on sustainability in a spatial setting. In particular, we focused on evaluating UGS and introduced methodologies for better investigating them. We expect that the results of our study will contribute to measurements of sustainability and the development of green infrastructure by city planners. In future research, we will focus on the application of UNGI to various Chinese cities, with special attention to its usage and implementation in urban planning, and with the aim of improving UGS in cities and the quality of life of citizens. Further, we plan to highlight the multifarious needs of structures and the hierarchy of UGS. Indeed, by detailing the various needs of citizens, for instance, in disadvantaged groups [41] , we can better understand the relationship between UGS and residents. Moreover, UGS is not uniform, and different types of green space contribute in different ways and in a more nuanced manner to the quality of UGS.
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